The conditions of nucleation, nondisappearance of nucleus and interface propagation are derived for noncoherent and coherent phase transitions (PT) in elastoplastic materials. Extremum principles for determination of all unknown parameters are derived based on the postulate of realizability. Two model problems are solved. The predicted effect of shear stresses and plastic strains on P T pressure and hysteresis is in qualitative agreement with experiments.
Introduction
For the description of PT in elastic materials the principle of the minimum of free energy is usually used. But for media with dissipation the corresponding principle is lacking. For elastic materials with hysteresis and elastoplastic materials PT criterion was suggested (see 111- [3] and references) in the following form: the driving force of P T reaches some threshold value. In [4, 51 it was obtained that for elastoplastic materials an additional threshold, related with the plastic dissipation, should be introduced and can be easily calculated. But PT criterion is only one scalar equation, which is not sufficient for the determination of all parameters, e.g. shape and orientation of nuclei, jump of strain, etc. For these purposes in [2, 4, 5] some extremum principles were substantiated, which were also applied for the noncoherent PT. The present paper is a further development of the methods suggested in [I, 2, 41 . Both coherent (jump of the position vector r across the interface jr] := r.t -rl = 0 , where subscripts 1 and 2 denote the phase before and after PT) and noncoherent ( [r] # 0 ) PT are considered; but [r] is geometrically small in the sense that the same points of the interface remain in contact.
Conditions of nucleation, nondisappearance of nucleus a n d interface propagation Consider a volume V of austenite $ martensite mixture with a boundary S. Assume that on part of surface S the stress vector p is prescribed and on the rest part the velocity vector v is given, but a mixed boundary conditions (BC) are also possible. For the isothermal processes the dissipation increment N during the time At can be defined, using the second law of thermodynamics [4, For elastic materials without dissipation conditions N, = 0 and gc = 0 Qr E C can be considered as equilibrium nucleation and interface propagation conditions, because they describe PT at zero dissipation. For PT in elastoplastic materials and in elastic materials with the hysteresis these conditions can not be applied, because the finite dissipation occurs in course of PT. i.e. the elastic strains also disappear. A similar consideration gives a condition of interface propagation
where kc, 2 and kyj2 are the actual value of the dissipation rate due to plastic deformation and nonplastic effect (e.g. due to intersection of interface with different types of defects and lattice friction) at the moving interface. For coherent P T due to compatibility condition [2, 
. n n , where F = E + w , w is the rotation tensor, n the unit normal to the interface. We obtain -~.
Eq. (7) we have are the necessary conditions for the coherent interface propagation.
It is not necessary that Eqs. (10) and (11) are valid for the points of C , , because after nucleation the interface C, can be fixed. But we should be sure that C, does not move back and nucleus does not disappear. The condition of nondisappearance of nucleus is a violation of the propagation condition, when v, < 0 and P T 2 + 1 occurs, i.e.
or for coherent PT, introducing kg,, = -k;,,/v,
Model problems
To receive a feeling how plastic strain and noncoherency effect on PT let us consider two simple plane strain problems. Assume that the materials are perfectly rigid-plastic. 1. Consider an infinite half-space with prescribed normal a, and shear T stresses on the whole surface (Fig. 1) . Assume that a coherent PT occurs in the layer along the whole surface and the solution does not depend on the x coordinate. The same solution is valid, if PT occurs in the parallel to the external surface layer inside of the half-space. Material outside of the layer is rigid. In Fig. l a transformed particle is shown after transformation strain, but to satisfy displacement continuity across the interface AB and independence of solution of x , additional plastic strain is needed (Fig. lb) . Nucleation criterion (6) gives
From the yield condition at = an -d -.
Substituting at in Eq. (15) we obtain PT pressure = 1/2uy the terms with a, disappear in the expressions for a, and H . At yf # 0 receives an additional reduction and at large T and yf it is possible that < A $ ' / E~ . This result is in agreement with experiments [7] , in which applied T or shear plastic strain reduce the PT pressure up to a value, which is less than thermodynamical equilibrium an = A$'/E~. Note that the associated flow rule reads i p = h ( a , -u t ) + p = 4 h~, j P / i p = 4 r / ( u n -f f t ) , (
where ep and yP are the normal (along n ) and the shear plastic strain, h a scalar. From the plastic incompressibility and the condition at = 0 (Fig.1) kf-, (y, un) . This problem will be considered elsewhere.
2.
Let under the action of homogeneously distributed normal stress p over the length a PT occurs in triangle ABE (sides AE and B E are orthogonal), the rest part of the half-space is rigid.
The transformation strain ~f = 1/2so I ,
Along the interfaces AE and BE [I-] # 0 , i.e. noncoherent P T occurs. Assume that the shear stress along the interfaces AE and BE is maximal, r = 1/20,, where au is the yield limit of weaker material. To avoid plastic strain in the triangle A B E we should assume that the new phase is stronger. From the plastic limit equilibrium theory we obtain that at p < ( I + a/2) a, the half-space is rigid. The nucleation condition (4) results in
In the given problem we can consider also a large a. , if we assume that the values A$' and k, are referred to the unit volume of phase I . With taking into account the variation in geometry in the course of PT for work A, of p stress and work A, of shear stresses along lines AE and BE we obtain 
( 1 -J G )~ N 0,25 and B decreases when eo growth. Consequently, the contribution of the dissipation due to noncoherency to and H is smaller, than the contribution of the dissipation due to plastic flow to and H in the previous problem at r = 0 .
The postulate o f realizability
To determine all unknown parameters b (position, shape and orientation of nucleus, ef , E, and 
r;., ( 
for determination of all unknown parameters b . From principle (22) using Eq. (5) we obtain
Corresponding principles for points of coherent and noncoherent interfaces, based on principle (24), are given in detail in [4, 51. Note, that our nonstrict conclusion after Eq. (19), that under prescribed horizontal displacement u P T should start at minimal value i.e. an infinitesimal narrow layer, can be now strictly derived using the principle (24). Under the same BC the inclined layer can appear inside the half space, and an "optimal" inclination angle can be also found with the help of principle (24). The same is valid for determination of real shape of noncoherent nucleus in the second problem. These problems will be considered elsewhere.
Concluding remarks
In the paper the general thermodynamical approach for the description of PT in elastoplastic materials is suggested and two examples are considered. Application of the obtained results for the averaged description of P T (using volume fractions) can be based on a method suggested in [I, 2, 81 for obtaining of simple equations for stresses in each phase of multiphase materials.
